Abstract-There is a strong interest in the development of single shot diagnostics of fs relativistic electron bunches within a number of research areas including compact particle accelerators and THz and X-ray sources of radiation. The goal of this work is to investigate some properties of coherent Smith-Purcell radiation and to use it for the reconstruction of the longitudinal profile of a fs-Iong electron bunch.
I. INTRODUCTION AND BACKGROUND
There is currently significant interest in the development of compact particle accelerators capable of producing fs relativistic electron bunches to act as drivers for THz and x ray sources of coherent radiation. To support progress in these areas, a non-invasive, femtosecond (fs) electron beam diagnostic is required. There is, at present, no such a device available [1] [2] [3] . This paper presents the initial simulations of coherent Smith-Purcell radiation (cSPr) through the use of PiC codes and updates recent experimental results. These allow us to move toward a detector capable of profiling fs-Iong electron bunches in a single shot, offering non-invasive and real time monitoring, that may be applicable to a wide range of accelerators.
II. RESULTS
Coherent Smith-Purcell radiation (cSPr) is emitted by a periodic metallic surface (grating) over a wide range of angles, when a relativistic electron beam passes in the vicinity of the grating ( fig.la) . The coherence of the radiation is achieved by selecting the grating period dz to be larger than the longitudinal size of the beam [4] . In this case electron beam emits cSPr (signal) over a broad spectral range. The incoherent radiation from the relativistic beam is also emitted but its intensity is only proportional to the number of electron� per bunch while in the case of coherent radiation the intensity of the radiation is proportional to square of the number of electrons in the bunch.
Another advantage of this method is the correlation between angular and spectral distributions of the emitted radiation which is given (in the far field) by the following relationship:
where dz is the grating period, m is the diffraction order, and e is the emission angle (x-z plane, fig.l ) with respect to the electron beam propagation direction. Locating the detectors at specific angles and using condition (1) the spectrogram of the pulse can be measured and using appropriate mathematical techniques, one can reconstruct the temporal profile of the bunch form this spectral-angular distribution. In this paper we will discuss cSPr, background radiation, their spectral characteristics and present the recent experimental data.
, qJ e-beam · ' Lorentz factor r (;r=40000 at FACET) [6] . However, the 978-1-4673-4717-4/13/$31.00 ©2013 IEEE divergence angle is much larger due to excitation of higher order modes along the corrugation [5] . We also note that an electron bunch propagating above the front and back edge of the grating excites broadband coherent transition radiation.
The comparison of the spectra is shown in figure 3 . The two The E203 experiment is dedicated to the development of single pulse diagnostic tool based on cSPr and capable of electron beam studies at the femtosecond timescale. The experiment description can be found in [4] and to reconstruct the bunch profile, the Kramers-Kronig (KK) method is used.
In the recent experiments it was possible to measure the radiation in the wavelength range from �20,Lll1 1 (from 50,Lll1 1 grating) to �2600 ,Lll1 1 (from 1500,Lll1 1 grating); to the best of our knowledge, this is the widest frequency range covered by this type of device. This is important as the broadest measured frequency spectrum gives a more accurate time-profile. The result of the spectrum measurements and pulse reconstruction are shown in figure 5 . The spectra were measured using 11 detectors with radiation collected by Winston cones with 6° acceptance angle. This may indicate that simple "blank signal" subtraction technique used in [4] works if only constructive interference is observed otherwise negative values can appear after the subtraction. We also presented the most recent experimental data of electron bunch reconstruction using cSP radiation.
